Spatial language helps us to encode relations between objects and organize our thinking. Little is known about the neural instantiations of spatial language. Using voxel-lesion symptom mapping (VLSM), we tested the hypothesis that focal brain injured patients who had damage to left frontal-parietal peri-Sylvian regions would have difficulty in naming spatial relations between objects. We also investigated the relationship between impaired verbalization of spatial relations and spontaneous gesture production. Patients with left or right hemisphere damage and elderly control participants were asked to name static (e.g., an apple on a book) and dynamic (e.g., a pen moves over a box) locative relations depicted in brief video clips. The correct use of prepositions in each task and gestures that represent the spatial relations were coded. Damage to the left posterior middle frontal gyrus, the left inferior frontal gyrus, and the left anterior superior temporal gyrus were related to impairment in naming spatial relations. Production of spatial gestures negatively correlated with naming accuracy, suggesting that gestures might help or compensate for difficulty with lexical access. Additional analyses suggested that left hemisphere patients who had damage to the left posterior middle frontal gyrus and the left inferior frontal gyrus gestured less than expected, if gestures are used to compensate for impairments in retrieving prepositions.
Introduction
Spatial language, such as words for locative relations and actions, helps us to encode spatial information in the environment and organize our thinking (Chatterjee, 2001 (Chatterjee, , 2008 . Despite its significance in framing our thinking, few studies have investigated the neural underpinnings of spatial language (Amorapanth, Widick, & Chatterjee, 2009; Chatterjee, 2008; Damasio, Grabowski, Tranel, Ponto, Hichwa, & Damasio, 2001; Kemmerer, 2006) . The current study is motivated by the hypothesis that perceptual and lexical-semantic spatial information have a parallel organization in the brain. Based on the putative neural organization of the perception of locative relations we predict that patients with focal brain injury to the left frontal-parietal periSylvian regions would have difficulty in naming spatial relations between objects.
People gesture spontaneously when they speak. Virtually nothing about the spontaneous use of spatial gestures in the setting of neurological disease is known. It is possible that people rely on spontaneous gestures when they have difficulty communicating verbally. We see this behavior commonly among travelers who use gestures when they try to communicate with people with whom they do not share a language. Alternatively, deficits in expressing spatial relations verbally might generalize to deficits in expressing spatial relations gesturally. In this study, we will also explore these possible consequences of focal brain injury on the production of spontaneous spatial gestures.
Spatial language comprises terms for a range of spatial relations. Here, we focus on locative prepositions, which describe spatial relations between a figure (the object to be located) and its ground (the reference object) (Talmy, 1983) . For example, in the sentence "the book is on the shelf," the book refers to the figure and the shelf refers to the ground. The preposition "on" presents the spatial relationship between the figure and ground. Thus, locative prepositions describe "extrinsic relations" in which an object (figure) is related to an external referent (ground) (Chatterjee, 2008) . In the following sections, we first review our current understanding of the neural basis of locative information. We then discuss the relation between speech and gesture and how gesture might compensate for impaired speech before presenting the current study.
The neural correlates of locative prepositions
The presumed neural correlates of the perception of spatial relations follow from a fundamental tenet of visual neuroscience 
